Evaluation of thermal pattern distributions in racehorse saddles using infrared thermography by Soroko, M et al.
RESEARCH ARTICLE
Evaluation of thermal pattern distributions in
racehorse saddles using infrared
thermography
Maria SorokoID1☯*, Daniel Zaborski2☯, Krzysztof Dudek3, Kelly Yarnell4, Wanda Go´rniak5,
Ricardo VardascaID6
1 Department of Horse Breeding and Equestrian Studies, Institute of Animal Breeding, Wroclaw University of
Environmental and Life Sciences, Wroclaw, Poland, 2 Department of Ruminants Science, West Pomeranian
University of Technology, Szczecin, Poland, 3 Faculty of Mechanical Engineering, Wroclaw University of
Technology, Wroclaw, Poland, 4 School of Animal, Rural and Environmental Sciences, Nottingham Trent
University, Southwell, Nottinghamshire, United Kingdom, 5 Department of Environmental Hygiene and
Animal Welfare, Wroclaw University of Environmental and Life Sciences, Wroclaw, Poland, 6 INEGI-LAETA,
Faculdade de Engenharia, Universidade do Porto, Porto, Portugal
☯ These authors contributed equally to this work.
* kontakt@eqma.pl
Abstract
The impact of a rider’s and saddle’s mass on saddle thermal pattern distribution was evalu-
ated using infrared thermography (IRT). Eighteen racehorses were ridden by four riders with
their own saddle. Images of the saddle panels were captured at each of six thermographic
examinations. On each image, six regions of interest (ROIs) were marked on the saddle
panels. The mean temperature for each ROI was extracted. To evaluate the influence of
load on saddle fit, 4 indicators were used: ΔTmax (difference between the mean temperature
of the warmest and coolest ROI); standard deviation of the mean temperature of the six
ROIs; right/left; bridging/rocking and front/back thermal pattern indicator. Incorrect saddle fit
was found in 25 measurements (23.1%) with ΔTmax greater than 2˚C. The relationships
between rider and saddle fit as well as saddle fit and horse were significant (p<0.001). An
average ΔTmax in rider A was significantly higher than in other riders (p<0.001). The right/left
thermal pattern differed significantly from the optimal value for riders A and B; while the
bridging/rocking thermal pattern differed significantly from this value for riders A, C and D
(p<0.05). Front saddle thermal pattern was most frequent for rider A (41.5%), whereas back
saddle thermal pattern was most frequent for rider C (85.7%). Measurement of the mean
temperature in 6 ROIs on saddle panels after training was helpful in assessing the influence
of rider and saddle mass on saddle fit. IRT offered a non-invasive, rapid and simple method
for assessing load on thermal pattern distribution in race saddles.
Introduction
A correctly fitted saddle must accommodate the changing shape of a horse’s back during varia-
tions in horse gait, from trot to canter and gallop, in addition to allowing the rider to remain
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balanced [1]. Traditionally, horses are ridden with wooden tree saddles which have panels
filled with wool-stuffed flocking to allow distribution of the rider’s mass across the horse’s
back [2,3].
If a saddle is fitted incorrectly, this can result in detrimental consequences for the horse.
This may include pain in the thoracolumbar region [2,4,5], tenderness and stiffness of the
longissimus dorsi muscles [3], spine osseous pathology and muscle atrophy decreasing horse
performance [6]. A saddle fitted incorrectly has been shown to cause an increase of imbalance
in the horse’s motion pattern [7].
In a study presented by Meschan et al. [8], it was demonstrated that under poorly fitted sad-
dles the load (rider and saddle mass) is distributed over a smaller area leading to pressure
peaks compared to properly fitted saddles. The way a rider distributes weight on the saddle is
an important aspect that determines whether a horse can move easily and freely under a rider.
Also, Fruehwirth et al. [9] indicated that the overall force applied by a saddle pad is approxi-
mately equivalent to the rider’s body mass while the horse is walking. However, as aspects of
the horse’s gait change, the amount of force exerted by the rider also changes. During trotting,
the force values increase to approximately twice the rider’s body mass, and at canter the force
increases to 2.5 times that of the rider’s body mass.
Equine back-related problems can also be associated with a poorly skilled rider due to
asymmetry of the rider’s position or lack of balance [3,10]. Peham et al. [11] showed that the
rider’s training level can influence the interaction with the saddle and thus with the horse’s
back. Rider and saddle mass influenced the overall extension of the equine back while riding.
A study presented by Cocq et al. [12] reported that the load (75kg) applied influenced the
movement of the horses back while walking and trotting on a treadmill. Similar results have
been presented in another study, where the rider influenced locomotion variables of a horse
on the treadmill [13]. An experienced rider with a good seated position may improve a horse’s
balance and stability [7,14], but the forces acting on the horse’s back may reach three times the
rider’s mass and may thus represent an enormous stress [15].
Pullin et al. [16] and de Cocq et al. [17] utilised a variety of pressure mats that measure
force applied on the horse’s back in order to provide a quantitative assessment of saddle-fit.
Studies presented by Jeffcott et al. [18] and de Cocq [19] found a linear relationship between
the rider’s body mass and the pressure under the saddle. The total pressure applied via the pad
was closely correlated to the rider’s body weight [9,17].
Other studies have found infrared thermography (IRT) to be a valuable tool in non-invasive
evaluation of saddle thermal pattern distribution [20–22]. Although thermal pattern is affected
by various factors such as the horses’ gait [9], horse performance and training intensity [3,22],
girth tension [23], saddle pads [6], overall impulsion and balance [24], age and body condition
[20–22], or conformation [8,14,25], its relationship with load is unknown.
It is interesting to indicate effect of load on saddle thermal pattern distribution as IRT pres-
ents advantages in relation with pressure systems. In human literature, Yavuz et al. [26] indi-
cated that contact pressure and friction in different foot regions can impact both pressure and
skin thermal pattern. It has also been proven that there is a relationship between contact load
and the increase of the foot temperature during walking. Higher temperature elevation corre-
lated with higher contact load. Regions with less contact tended to show relatively lower tem-
perature elevations [27].
Based on these findings, the current study aimed to investigate the influence of load on
thermal pattern distributions in racehorses. The impact of load on saddle thermal pattern dis-
tribution was evaluated using IRT.
Thermal pattern distributions in saddles
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Materials and methods
Data collection
Eighteen Thoroughbred racehorses (6 mares and 12 stallions), all 3 years old, were used. The
horses were clinically healthy, with no apparent back injuries or lameness. Clinical history was
obtained from clinical case files to determine whether the horses had any prior history of back
pain and/or had been treated by a veterinarian for back pain/spinal dysfunction. A standard
physical examination of the musculoskeletal system of each horse was performed by an experi-
enced equine clinician to confirm any clinical injuries. The examination evaluated movement
to identify the type and degree of lameness and to perform flexion tests [28]. The examination
of the thoracolumbar region included palpation and mobility tests [29].
All horses had a similar level of fitness and were trained daily for flat racing in a clockwise
direction at Partynice Race Course (Poland) during the 2017 season. The horses were housed
in individual stalls with common management and training regimes.
During daily training, horses trotted a distance of 1 km and cantered on the right lead at
distances of up to 3000 m on a racing court (2150 m in length). The level of fitness was assessed
using the speed achieved during canter. The horses were ridden by their usual riders (n = 4)
and the study relies on every horse having similar training in distance and time length.
Four treed race uniformly flocked saddles, (saddle: I, II, III, IV), with mass (including stir-
rups and girth) between 3.6–4.5 kg were utilised during the study. Four experienced female
riders (rider: A, B, C, D) with 3–4 years’ riding experience, mean body mass of 54.8 (±2.9) kg,
Min = 51.0 kg, Max = 58.0 kg, and height of 158 (±2.9) cm participated in the study (Table 1).
Thermographic assessment of the saddle was conducted for each horse six times (three
times per week at intervals of 3 days) over 2 weeks. Horses were tacked up in a standardised
way using a single thin numnah made of polyester. The rider mounted inside the horse’s
box with trainer help. To avoid any confounding effects of differences in tightening, saddles
were always tightened by the same person (trainer) after the rider had mounted.
Horses underwent training which consisted of a 5-minute warm-up (walk), 5 minutes of
trotting, and 20 minutes of cantering (2200 m) on the racing track. Horses were ridden in the
same standardised way, which consisted of rising trot and two-point seat at canter. After train-
ing, horses were untacked in the stable and cooled down on an automatic horse walker for
approximately twenty minutes.
On the examination day, each horse was ridden by a different rider. Rider A was using sad-
dle I, rider B was using saddle II, rider C was using saddle III and rider D was using saddle IV
(Table 1).
Infrared thermography
Thermographic measurements were taken using an InfraTec1 VarioCam HD Resolution
infrared camera (uncooled microbolometer focal plane array, Focal Plane Array sensor size of
640 x 480, spectral range 7.5–14 μm, Noise Equivalent Temperature Difference of<20mK at
Table 1. Saddle mass and rider body mass used in the study.
Saddle Saddle mass (kg) Rider Rider body mass (kg) Load: rider plus saddle mass (kg) Number of training sessions
I 3.6 A 58 61.6 24
II 4.4 B 57 61.4 37
III 4.5 C 53 57.4 25
IV 3.7 D 51 54.7 22
https://doi.org/10.1371/journal.pone.0221622.t001
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30˚C, using the normal lens with IFOV of 0.57mrad, measurement uncertainty of ±1% of the
overall temperature range, InfraTec Dresden, Germany).
The ambient temperature (Tamb) in the stable was measured with a TES 1314 thermometer
(TES, Taipei, Taiwan). Thermographic images of the saddle panels were taken once, 2–3 sec-
onds after untacking the horse (Fig 1) inside the box, while another person was holding the
horse. The protocol for the thermographic examination was conducted as previously described
by Arruda et al. [20] and Soroko et al. [22].
To minimize the effect of environmental factors, thermographic images of the saddle panels
were always performed at the same place within an enclosed stable in the cordial. The distance
from the saddle to the camera was fixed for all imaging at 1m, and the emissivity (ε) was set to
1 for all readings as per the protocol of Arruda et al. [20].
All thermographic imaging was performed by the same operator (MS). The ambient tem-
perature was 20 ±3˚C at the time that images were taken. This study was approved by the 2nd
Local Ethical Committee of Experimental Procedures on Animals in Wroclaw, Poland (Proto-
col no. 44/2014).
Fig 1. Thermographic image of saddle panels. Thermographic image of saddle panels taken immediately after untacking the horse, with the six regions of interest
(ROIs) indicated: right front of the saddle (X1), right middle of the saddle (X2), right back of the saddle (X3), left front of the saddle (X4), left middle of the saddle (X5),
left back of the saddle (X6).
https://doi.org/10.1371/journal.pone.0221622.g001
Thermal pattern distributions in saddles
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Data analysis
Six regions of interest were marked on the saddle panels as shown in Fig 1, and the mean tem-
perature within each ROI was defined and calculated as follows:
X1 = the mean temperature in the region ROI1 (right side–front of the saddle).
X2 = the mean temperature in the region ROI2 (right side–middle of the saddle).
X3 = the mean temperature in the region ROI3 (right side–back of the saddle).
X4 = the mean temperature in the region ROI4 (left side–front of the saddle).
X5 = the mean temperature in the region ROI5 (left side–middle of the saddle).
X6 = the mean temperature in the region ROI6 (left side–back of the saddle).
The mean temperature was calculated using IRBIS1 3 Professionalo software (InfraTec,
Dresden, Germany).
Statistical analysis
A total of 108 thermograms associated with 31 horse-load combinations were analyzed
(Table 2).
The following criteria were used to assess saddle fit:
• ΔTmax—difference between the mean temperature of the warmest and coolest ROI. To iden-
tify threshold value Tmax> 2.0˚C the Receiver Operating Characteristic (ROC) curve
method was used (Fig 2), where correct saddle fit (symmetrical temperature distribution in
six ROIs) met three criteria:
-1˚C<TI1<+1˚C and -1˚C<TI2<+1˚C and TI3 = EL (Fig 2);
• SDT—standard deviation of average temperatures of six ROIs;
• TI1 –right/left panel thermal pattern indicator;
• TI2—bridging/rocking panel thermal pattern indicator;
• TI3—front/back panel thermal pattern indicator.
To evaluate thermal pattern distribution of the saddle, four indicators of temperature were
taken into consideration (Table 3). To evaluate the effect of a rider on ΔTmax, TI1, and TI2, a
one-way analysis of variance (ANOVA) was used (a normal distribution was verified using the
Shapiro-Wilk W test and variance homogeneity using the Brown-Forsythe test; Tukey’s honest
significant difference for unequal sample sizes served as a post-hoc test).
The significance of the differences in the TI1 and TI2 indicators from the optimal value
(equal to 0) was tested with the Student’s t test. To analyze the relationship between the rider
and saddle fit, the horse and the saddle fit as well as the rider and the TI3 category, a chi-square
test of independence was applied. All the analyses were performed using the Statistica program
Table 2. Number of measurements (thermographic sessions).
Rider body mass plus saddle mass (kg) Number of horse
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
A+I = 61.6 0 2 0 5 0 1 0 4 5 0 0 2 0 2 1 0 0 2
B +II = 61.4 0 4 6 1 0 0 6 0 0 6 5 0 6 0 0 1 0 2
C +III = 57.4 0 0 0 0 0 5 0 0 0 0 0 4 0 0 5 5 4 2
D +IV = 54.7 6 0 0 0 6 0 0 2 1 0 1 0 0 4 0 0 2 0
https://doi.org/10.1371/journal.pone.0221622.t002
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(v. 12, StatSoft Inc., Tulsa, OK, USA). Statistical significance was declared with a 95% confi-
dence interval.
Results
In 108 thermographic measurements of saddle panels, ΔTmax distribution was strongly asym-
metric (Fig 3). Of the 108 measurements, there were 47 cases with a temperature range of 0˚C
to 1˚C (43.5%) and 36 cases with a temperature range of 1˚C to 2˚C (33.3%). In 25 cases
(23.1%) of interaction saddle–rider value of ΔTmax was above 2˚C. Result of ΔTmax > 2˚C indi-
cates incorrect saddle fit.
Incorrect saddle fit, identified by asymmetric thermal pattern, was indicated in 11 cases
(Table 4). Horses 4 and 9 (trained by rider A) each had 5 occurrences of incorrect saddle fit.
When the horses were ridden by other riders, ΔTmax value was less than 2˚C. Horses 2 and 14
had lower incidences of temperature asymmetry (3 cases each).
Horse 2 was ridden 3 times by two riders (A and B). Similarly, horse 14 was ridden 3 times
by two riders (A and D). Rider A (61.6 kg–rider plus saddle mass) rode with an incorrectly fit-
ted saddle on 20 separate occasions out of 24 training sessions, rider B (61.4 kg rider plus sad-
dle mass)–rode using an incorrectly fitted saddle on two occasions out of 37 training sessions,
rider C (57.4 kg rider plus saddle mass)–did not ride in an incorrectly fitted saddle out of a
Fig 2. Receiver Operating Characteristic curve. Receiver Operating Characteristic curve for ΔTmax with indicated
cut-off score ΔTmax = 2˚C, for which sensitivity (SE) is 54.6%, specificity (SP) is 88.0% and area under curve is
AUC = 0.655.
https://doi.org/10.1371/journal.pone.0221622.g002
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total of 25 training sessions, and rider D (54.7 kg rider plus saddle mass)–rode in an incorrectly
fitted saddle 3 times out of 22 training sessions.
Both the relationship between the rider and saddle fit (p<0.001; Fig 4) and the relationship
between saddle fit and horse (p<0.001; Fig 5) indicated by ΔTmax were statistically significant.
There was a statistically significant relationship between saddle thermal pattern distribution
(saddle fit) and type of the horse. An unfitted saddle was more frequent for horses 4, 9, 2, 8,
and 14 than horses 3, 5, 7, 10, 11, 13, 15, 16 and 17 (Fig 5).
As shown in Fig 6, the average ΔTmax value for rider A was significantly higher than that for
other riders (p<0.001). A significant difference in ΔTmax was also observed between riders C
and D (p<0.05).
Rider A exerted more thermal pattern distribution on the left saddle panel, whereas Rider B
exerted more thermal pattern distribution on the right saddle panel; however, the other two
riders consistently distributed their body mass symmetrically (Fig 7). Saddles I, III and IV rid-
den by riders A, C and D frequently presented a thermal pattern consistent with rocking,
which occurred in the case of both a heavy (rider A) and light rider (rider D) (Fig 8).
A statistically significant relationship was found between front/back thermal pattern and
the rider (Fig 9). A front saddle thermal pattern was most frequent for rider A (41.5%) and
least frequent for rider C (11.3%), whereas back saddle thermal pattern was most frequent in
rider C (87.5%) and least frequent in riders A and B (0.0%). Finally, an even thermal pattern
was most often observed in riders B (43.7%) and C (27.1%).
Table 3. Temperature indicators for saddle fit.
Temperature
indicator
Temperature Index Formula
ΔTmax Absolute saddle asymmetry index, i.e. the difference between the
average temperature of the warmest (Xmax) and coolest (Xmin) ROI
Xmax—Xmin
TI1 Right hand thermal pattern—saddle places more pressure in the
right panel.
(X1+X2+X3)-(X4+X5
+X6)� +0.5˚C
TI1 Even thermal pattern—even thermal patterns between right and
left panel
(X1+X2+X3)-(X4+X5
+X6) > -0.5˚C
and
(X1+X2+X3)-(X4+X5
+X6) < +0.5˚C
TI1 Left hand thermal pattern—saddle places more pressure in the left
panel.
(X1+X2+X3)—(X4+X5
+X6)� -0.5˚C
TI2 Bridging thermal pattern—both panels place pressure at the front
and back.
(X2+X5)/2–(X1+X4+X3
+X6)/4�-0.5˚C
TI2 Even thermal pattern—even thermal patterns between right and
left panel
(X2+X5)/2–(X1+X4+X3
+X6)/4<-0.5˚C
and
(X2+X5)/2–(X1+X4+X3
+X6)/4>+0.5˚C
TI2 Rocking thermal pattern—both panels place pressure at the cantle (X2+X5)/2–(X1+X4+X3
+X6)/4�+0.5˚C
TI3 Front saddle thermal pattern—both panels place pressure at the
front.
(X1+X4)�(X2+X5)�(X3
+X6)
TI3 Even thermal pattern—even thermal patterns between right and
left panel
(X1+X4)�(X2+X5)<(X3
+X6)
or
(X1+X4)<(X2+X5)�(X3
+X6)
TI3 Back saddle thermal pattern—both panels place pressure at the
back.
(X1+X4)�(X2+X5)�(X3
+ X6)
https://doi.org/10.1371/journal.pone.0221622.t003
Thermal pattern distributions in saddles
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Discussion
IRT has been previously found to be useful for the assessment of saddle thermal pattern distri-
bution in racehorses [20–22]. This study is the first to utilise ΔTmax, which compares the differ-
ence between the mean temperature of the warmest and coolest ROI, for an assessment of
saddle fit. The relationship between the rider and saddle fit indicated by ΔTmax was statistically
significant, as was the relationship between saddle fit and horse.
A difference in temperature between the saddle panels above 2˚C suggests incorrect saddle
fit. Previous studies indicated temperature differences of 1˚C in the diagnosis of pathological
conditions [30–31].
In the current study, 25 (23.1%) of the 108 thermographic measurements had a temperature
difference greater than 2˚C. A study carried out on 51 jumping horses [32] reported that 35%
of asymmetric heat distribution related to poor saddle fit was located in the thoracolumbar
region. This is supported by a study presented by Arruda et at. [20] which reports that 55.8%
of the jumping horses assessed using IRT had an asymmetric thermographic image of the thor-
acolumbar region after training.
Fig 3. Histogram of maximum temperature differences. Histogram of maximum temperature differences ΔTmax at normal distribution and results of the
normality test.
https://doi.org/10.1371/journal.pone.0221622.g003
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Table 4. Temperatures of incorrectly fitted saddle indicated with regions of interest (ROIs).
Set Horse-Rider n/N Mean (±SD) temperature in ROI (˚C) ΔTmax
ROI1 ROI2 ROI3 ROI4 ROI5 ROI6
1-D 2/6 29.9 ± 5.2 29.6 ± 5.6 26.5 ± 6.6 30.0 ± 5.3 29.6 ± 5.7 26.8 ± 6.8 2.2 ± 1.2
2-A 2/2 33.1 ± 1.7 33.0 ± 1.8 31.1 ± 1.7 33.0 ± 1.8 32.8 ± 1.9 31.2 ± 1.7 2.0 ± 0.0
2-B 1/4 25.4 24.7 23.1 24.6 24.2 23.5 2.3
4-A 5/5 31.9 ± 0.7 31.1 ± 0.9 28.8 ± 1.6 31.8 ± 0.7 31.1 ± 1.0 29.3 ± 1.8 3.2 ± 1.0
6-B 1/1 33.4 33.0 31.0 33.5 33.1 30.9 2.6
8-A 3/4 32.8 ± 2.2 32.0 ± 2.5 29.4 ± 3.0 32.8 ± 2.1 32.6 ± 2.3 29.9 ± 3.2 3.5 ± 0.8
9-A 5/5 33.4 ± 2.1 32.9 ± 2.8 30.3 ± 3.5 33.4 ± 1.9 33.0 ± 2.5 30.7 ± 3.2 3.4 ± 1.7
12-A 2/2 33.8 ± 1.4 32.6 ± 2.0 30.1 ± 2.7 33.4 ± 1.6 32.7 ± 2.0 30.5 ± 2.6 3.7 ± 1.2
14-A 2/2 32.8 ± 2.1 32.0 ± 2.7 30.3 ± 3.3 33.1 ± 2.6 32.5 ± 2.9 30.9 ± 3.4 2.9 ± 0.8
14-D 1/4 31.2 30.5 28.2 30.9 30.9 28.8 3.0
18-A 1/2 27.8 26.4 24.3 27.8 26.4 24.5 3.5
N–total number of measurements, n–number of measurements with incorrectly fitted saddle (ΔTmax� 2˚C)
https://doi.org/10.1371/journal.pone.0221622.t004
Fig 4. Number of training sessions in groups. Number of training sessions in groups differing with rider and saddle fit and independence test results.
https://doi.org/10.1371/journal.pone.0221622.g004
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Two horses from the study trained by one rider (rider A) had 5 occurrences of asymmetri-
cal thermal pattern distribution. When the same horses were ridden by other riders, the ΔTmax
value was less than 2˚C. Possible stiffening and tensing from the rider could indicate difficul-
ties with following the movement of the horse [33].
Physical or postural asymmetry of a rider results in asymmetric distribution of force via the
saddle to the horse [34]. Persistent crookedness of a rider could potentially cause asymmetry
in horse locomotion, resulting in an established asymmetric locomotor pattern and/or second-
ary pain, which can later lead to spine diseases in the horse [35–36].
It may be that the higher forces associated with a heavier rider and kit exacerbate the inher-
ent asymmetry of the horse. It is possible that the saddle may not have fitted rider A, which
could have caused the imbalance and resulted in uneven pressure distribution.
Saddles with ΔTmax values above 2˚C presented with rocking/bridging, front/back and
right/left thermal pattern. Bridging has been identified as a major problem in saddle fit, where
loading on the horse’s back is concentrated in the front and back of the saddle [2] and it is
potentially detrimental because it causes focal distribution of the rider’s weight, rather than
distributing it evenly over a larger area [4].
However, in the current study only rocking pressure occurred with saddles I, III and IV rid-
den by riders A, C and D. A rocking thermal pattern occurred under both heavy (58 kg) and
light riders (51–53 kg), which can suggest that the weight of the rider had no influence on
Fig 5. Number of training sessions in groups. Number of training sessions in groups differing with horse and saddle fit and independence test results.
https://doi.org/10.1371/journal.pone.0221622.g005
Thermal pattern distributions in saddles
PLOS ONE | https://doi.org/10.1371/journal.pone.0221622 August 26, 2019 10 / 16
saddle thermal pattern distribution. However, both Meschan et al. [8] and Belock et al. [37]
indicated that pressure is more concentrated with poorly fitted saddles with heavier riders.
Rider A exerted more thermal pattern on the left saddle panel. This could be associated
with the uneven weight distribution by the rider or by asymmetric musculature of the horse.
Similar results were found in our previous study, with increased thermal pattern placed on the
left side in loads between 45–50 kg and 51–55 kg [22].
Also, riders in English dressage saddles presented more left side load during riding in an
indoor riding arena [9]. Another study indicated that left–right asymmetries were associated
with the weight of the rider, the ratio of the horse’s weight and rider’s weight and the rider’s
previous injuries.
Therefore, repetitive force applied by a heavy rider with an asymmetric position in the sad-
dle is likely to place abnormal stress on the horse’s back on one side and contribute to the
development of muscular asymmetries [3].
Fig 6. Comparison of the mean values of the temperature index. Comparison of the mean values of the temperature index ΔTMAX of four saddles and the analysis of
variance results (ANOVA) and multiple comparisons (post-hoc tests).
https://doi.org/10.1371/journal.pone.0221622.g006
Thermal pattern distributions in saddles
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Visual assessment of “saddle slip” to one side could be a sign of hind limb lameness in rid-
den horses [14], asymmetry of the horse’s back or crooked riders [3]. Also, the riding skills and
style of the rider may influence the symmetric movement of pelvis contributing to hind limb
lameness during rising trot [38–39].
In front and back thermal pattern distribution, rider A most often presented front saddle
thermal pattern (41.5%) and rider C, back saddle thermal pattern (85.7%). Putting more pres-
sure on the front of the saddle can be the result of a two-point seat jumping position. The posi-
tion of the rider is also influenced by the fit of the saddle relative to the horse [7,40] and the fit
of the saddle relative to the rider.
A rider’s ability to ride in rhythm with the horse requires training and sensitivity to a
horse’s motion. It is also influenced by the rider’s own symmetry, balance, fitness, pain, stabil-
ity and correctness of position [10].
In the current study, IRT examination was able to identify uneven thermal pattern distribu-
tion linked to poor saddle fit. The observed asymmetry in surface temperature could have
been caused by a number of factors, including movement patterns of the horse, asymmetry,
Fig 7. Comparison of the mean values of temperature indicators. Comparison of the mean values of temperature indicators TI1 (right/left panel thermal pattern
indicator) for four saddles and results of significance tests (T-tests for single means).
https://doi.org/10.1371/journal.pone.0221622.g007
Thermal pattern distributions in saddles
PLOS ONE | https://doi.org/10.1371/journal.pone.0221622 August 26, 2019 12 / 16
rider balance and seat, and stiffness of both the horse’s and rider’s backs. Therefore, IRT exam-
ination is a useful diagnostic tool to conduct a preliminary assessment of potential problems
with saddle fit.
The main limitation of this study is that IRT cannot distinguish among the effects of the
rider, the saddle and the movements of the horse. To allow better discrimination in analysing
thermal pattern distribution, future studies could use a pressure sensor matrix between the
saddle and horse’s back and a sensorial solution for acquiring and recording the horse’s and
rider’s activity. Therefore, further investigation is needed to assess the correlation between IRT
examination and saddle pressure mats in saddle fit assessment.
Conclusions
Measurement of the mean temperature in 6 ROIs on the saddle panels after training can be
used in addition to other methods in assessing the influence of both rider and saddle mass on
the thermal pattern distribution and therefore on the saddle fit.
Fig 8. Comparison of mean values of temperature indicators TI2. (bridging/rocking panel thermal pattern indicator) for four saddles and results of significance tests
(T-tests for single means).
https://doi.org/10.1371/journal.pone.0221622.g008
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Temperature indicators revealed that riding skills of the rider can have an influence on
thermal pattern distribution. IRT offered a rapid assessment of saddle fit in addition to an
objective method of assessing the rider’s seat. IRT is a simple method for assessing load on the
thermal pattern distribution of race saddles in horses.
Acknowledgments
The authors would like to thank the trainers and riders from Wroclaw Racetrack—Wroclawski
Tor Wyscigow Konnych Partynice for their help with the study.
Author Contributions
Conceptualization: Maria Soroko.
Formal analysis: Daniel Zaborski, Krzysztof Dudek.
Fig 9. Number (fraction) of observations in subgroups. Number (fraction) of observations in subgroups that differ in the temperature index TI3 (front/back panel
thermal pattern indicator) and saddle and the result of chi-square independence test.
https://doi.org/10.1371/journal.pone.0221622.g009
Thermal pattern distributions in saddles
PLOS ONE | https://doi.org/10.1371/journal.pone.0221622 August 26, 2019 14 / 16
Investigation: Maria Soroko, Daniel Zaborski.
Methodology: Maria Soroko.
Supervision: Maria Soroko, Kelly Yarnell.
Writing – original draft: Maria Soroko, Kelly Yarnell, Wanda Go´rniak.
Writing – review & editing: Krzysztof Dudek, Ricardo Vardasca.
References
1. Dyson S. How to recognise hindlimb lameness: An obvious lameness to subtle gait abnormalities. In:
Proceedings of the American Association Equine Practitioners Focus Meeting on Hindlimb Lameness.
Oklahoma CD Rom, 2012. pp. 2–9.
2. Harman JC. Measurements of the pressures exerted by saddles on the horses’ back using a computer-
ized pressure measuring device. Pferdeheilkunde 1997; 13: 129–134.
3. Greve L, Dyson SJ. The interrelationship of lameness, saddle slip and back shape in the general sports
horse population. Equine Vet J. 2014; 46: 687–694. https://doi.org/10.1111/evj.12222 PMID:
24372949
4. Harman JC. Tack and saddle fit. In: Turner S, Haussler KK, editors. Veterinary Clinics of North Ameri-
can Equine Practice: Back Problems. Philadelphia, London, Toronto, Montreal, Sydney, Tokyo: Saun-
ders Company; 1999. pp. 247–261.
5. Nyikos S, Werner D, Mu¨ller JA, Buess C, Keel R, Kalpen A, et al. Measurements of saddle pressure in
conjunction with back problems in horses. Pferdeheilkunde 2005; 21: 187–198.
6. Harman JC. Practical use of a computerised saddle pressure measuring device to determine the effects
of saddle pads on the horse’s back. Equine Vet Sci. 1994; 14: 606–611.
7. Peham C, Licka T, Schobesberger H, Meschan E. Influence of the rider on the variability of the equine
gait. Hum Mov Sci. 2004; 23: 663–671. https://doi.org/10.1016/j.humov.2004.10.006 PMID: 15589627
8. Meschan EM, Peham C, Schobesberger H, Licka TF. The influence of the width of the saddle tree on
the forces and the pressure distribution under the saddle. The Vet J. 2007; 173: 578–584. https://doi.
org/10.1016/j.tvjl.2006.02.005 PMID: 16632390
9. Fruehwirth B, Peham C, Scheidl M, Schobesberger H. Evaluation of pressure distribution under an
English saddle at walk, trot and canter. Equine Vet J. 2004; 36: 754–757. PMID: 15656510
10. Symes D, Ellis R. A preliminary study into rider asymmetry within equitation. Vet J. 2009; 181: 34–37.
https://doi.org/10.1016/j.tvjl.2009.03.016 PMID: 19375366
11. Peham C, Licka T, Girtler D, Scheidl M. Hindlimb lameness: clinical judgement versus computerised
symmetry measurement. Vet Rec. 2001; 148: 750–752. https://doi.org/10.1136/vr.148.24.750 PMID:
11442235
12. deCocq P, van Weeren PR, Back W. Effects of girth, saddle and weight on movements of the horse.
Equine Vet J. 2004; 36: 758–763. PMID: 15656511
13. Sloet van Oldruitenborgh-Oosterbaan MM, Barnevald A, Schamhardt HC. Effects of weight and riding
on workload and locomotion during treadmill exercise. Equine Vet J. 1995; 18: 413–417.
14. Greve L, Dyson S. An investigation of the relationship between hindlimb lameness and saddle slip.
Equine Vet J. 2013; 45: 570–577. https://doi.org/10.1111/evj.12029 PMID: 23360352
15. Peham C, Kotschwar AB, Brokenhagen B, Kuhnke S, Molsner J, Baltacis A. A comparison of forces act-
ing on the horse’s back and the stability of the rider’s seat in different positions at the trot. Vet J. 2010;
184: 56–59. https://doi.org/10.1016/j.tvjl.2009.04.007 PMID: 19428275
16. Pullin JG, Collier MA, Durham CM, Miller RK. Use of force sensing array technology in the development
of a new equine saddle pad: static and dynamic evaluations and technical considerations. J Equine Vet
Sci. 1996; 16: 207–316.
17. deCocq P, van Weeren PR, Back W. Saddle pressure measuring: Validity, reliability and power to dis-
criminate between different saddle-fits. Vet J. 2006; 172: 265–273. https://doi.org/10.1016/j.tvjl.2005.
05.009 PMID: 16014331
18. Jeffcott LB, Holmes MA, Townsend HGG. Validity of saddle pressure measurements using force—
sensing array technology—preliminary studies. Vet J. 1999; 158: 113–119. https://doi.org/10.1053/tvjl.
1998.0334 PMID: 10489267
Thermal pattern distributions in saddles
PLOS ONE | https://doi.org/10.1371/journal.pone.0221622 August 26, 2019 15 / 16
19. deCocq P, Clayton HM, Terada K, Muller M. van Leeuwen JL. Usability of normal force distribution mea-
surements to evaluate asymmetrical loading of the back of the horse and different rider positions on a
standing horse. Vet J. 2009; 181: 266–273. https://doi.org/10.1016/j.tvjl.2008.03.002 PMID: 18502669
20. Arruda TZ, Brass KE, De La Corte FD. Thermographic assessment of saddles used on jumping horses.
J Equine Vet Sci. 2011; 31: 625–629.
21. Turner TA, Waldsmith JK, Wilson JH. How to assess saddle fit in horses. Proceedings Am Assoc
Equine Pract. 2004; 50: 196–201.
22. Soroko M, Cwynar P, Howell K, Yarnell K, Dudek K, Zaborski D. Assessment of saddle fit in racehorses
using infrared Thermography (IRT). J Equine Vet Sci. 2018; 63: 30–34.
23. Bowers JR, Slocombe RF. Influence of girth strap tensions on athletic performance of racehorses.
Equine Vet J Suppl. 1999; 30: 52–56.
24. Greve L, Dyson S. 2015. Saddle fit and management: An investigation of the association with equine
thoracolumbar asymmetries, horse and rider health. Equine Vet J. 2015; 47: 415–421. https://doi.org/
10.1111/evj.12304 PMID: 24905610
25. Kotschwar AB, Baltacis A, Peham C. The influence of different saddle pads on force and pressure
changes beneath saddles with excessively wide trees. Vet J. 2010; 184: 322–325. https://doi.org/10.
1016/j.tvjl.2009.02.018 PMID: 19362030
26. Yavuz M, Brem RW, Davis BL, Patel J, Osbourne A, Matassini MR. et al. Temperature as a predictive
tool for plantar triaxial loading. J Biomech. 2014; 47: 3767–3770. https://doi.org/10.1016/j.jbiomech.
2014.09.028 PMID: 25446272
27. Shimazaki Y, Murata M. Effect of gait on formation of thermal environment inside footwear. Appl Ergon.
2015; 49: 55–62. https://doi.org/10.1016/j.apergo.2015.01.007 PMID: 25766423
28. Stashak TS. Examination for lameness. In: Stashak TS, editor. Adam’s Lameness in Horses. Balti-
more: Williams & Wilkins; 2002. pp.113–183.
29. Martin BB Jr, Klide AM. Physical examination of horses with back pain. Vet Clin North Am Equine Pract.
1999; 15: 61–70. PMID: 10218241
30. Turner TA. Thermography as an aid to the clinical lameness evaluation. Vet Clin N Am Equine Pract.
1991; 7: 311–338.
31. Soroko M, Henklewski R, Filipowski H, Jodkowska E. The effectiveness of thermographic analysis in
equine orthopedics. J Equine Vet Sci. 2013; 33: 760–762.
32. De La Corte FD, Mikail S. Thermographic patterns of the thoraciclumbar regions in 51 Warmblood
horses. In: Proceedings of the 8th Congress of the World Equine Veterinary Association. Buenos Aires,
Argentina: Asociacio´n Argentina de Veterinaria Equina; 2003. pp. 230.
33. Lagarde J, Kelso JA, Peham C, Licka T. Coordination dynamics of the horse–rider system. J Motor
Beh. 2005; 37: 418–424.
34. Meyners E. Effective Teaching and Riding: Exploring Balance and Motion. Montana: Goals Unlimited
Press; 2004.
35. Zimmerman M, Dyson S, Murray R. Close, impinging and overriding spinous processes in the thoraco-
lumbar spine: The relationship between radiological and scintigraphic findings and clinical signs. Equine
Vet J. 2011; 44: 178–184. https://doi.org/10.1111/j.2042-3306.2011.00373.x PMID: 21880062
36. Jeffcott LB, Haussler KK. Back and pelvis. In: Hinchcliff KW, Kaneps AJ, Geor RJ, editors. Equine medi-
cine and surgery. Edinburgh: Saunders; 2005. pp. 433–474.
37. Belock B, Kaiser LJ, Lavagnino M, Clayton HM. Comparison of pressure distribution under a conven-
tional saddle and a treeless saddle at sitting trot. Vet J. 2012; 193: 87–91. https://doi.org/10.1016/j.tvjl.
2011.11.017 PMID: 22178359
38. Robartes H, Fairhurst H, Pfau T. Head and pelvic movement symmetry in horses during circular motion
and in rising trot. Vet J. 2013; 198: 52–58.
39. Roepstorff L, Egenvall A, Rhodin M, Bystro¨m A, Johnston C, van Weeren PR, et al. Kinetics and kine-
matics of the horse comparing left and right rising trot. Equine Vet J. 2009; 41: 292–296. PMID:
19469238
40. Mo¨nkemo¨ller S, Keel R, Hambsch D, Mu¨ller J, Kalpen A, Geuder M, et al. Pliance Mobile-16HE: Eine
Folgestudie u¨ber elektronische Satteldruckmessungen nach Anpassung der Sattelsituation. Pferde-
heilkunde 2005; 21: 102–114.
Thermal pattern distributions in saddles
PLOS ONE | https://doi.org/10.1371/journal.pone.0221622 August 26, 2019 16 / 16
